ABSTRACT
INTRODUCTION
Vaginal delivery causes damage to the pelvic floor, due partly to stretching of the levator ani muscle by up to 2.5 times its original length 1 . This damage could lead to the development of a pelvic floor disorder such as pelvic organ prolapse or urinary incontinence, often with a period of latency between trauma and symptoms 2 . The extent of the trauma and differences in healing after delivery may be associated with the development of these pelvic floor disorders.
Little is known about normal recovery of the puborectalis muscle after vaginal delivery. With repeat 3D perineal ultrasound measurements of the hiatal dimensions between 1 day and 24 weeks after first vaginal delivery, we have shown previously that an important part of the functional recovery occurs within the first 3 weeks after delivery. The hiatal area, at rest and on pelvic floor muscle contraction (PFMC), returned to values comparable to those in early pregnancy within this time period 3 . However, stretch of the muscle, reflected by distensibility of the hiatal area during Valsalva, remained consistently increased until 24 weeks 3 . This implies that there are persistent structural changes in the puborectalis muscle after delivery.
Echogenicity measurements on ultrasound images can be used to assess the structure of muscle tissue, reflecting the proportion of muscle cells and extracellular matrix in a muscle, with values measured on a scale between 0 and 255. Muscle cells appear dark on the ultrasound image (low echogenicity) and extracellular matrix, such as fat or collagen, appears bright (high echogenicity). These echogenicity measurements have proven to be of clinical use in investigation of neuromuscular disorders and orthopedics 4, 5 . Knowledge about the structural composition of the puborectalis muscle during recovery after vaginal delivery may help in understanding why functional recovery of distensibility does not occur. In addition, for evaluating results of regenerative techniques that aim to improve structural recovery of the puborectalis muscle after delivery, surrogate markers for possible damage are needed since symptoms often appear years after delivery 6, 7 . This study was designed to evaluate the structural composition of the puborectalis muscle before and at several timepoints after first vaginal delivery, by the use of echogenicity and area measurements, in order to explore its recovery.
METHODS
This study is part of a prospective multicenter cohort study on the association between mean echogenicity of the puborectalis muscle (MEP) and mode of delivery. The first 20 consecutive nulliparous women at the University Medical Center Utrecht, who delivered vaginally and gave informed consent for an extensive follow-up study until 24 weeks postpartum, were selected. These 20 women were from a group of 306 nulliparous women with a singleton pregnancy and good knowledge of the Dutch language who were included between March 2015 and January 2017. Exclusion criteria were history of pelvic organ prolapse surgery, incontinence surgery, uterine surgery necessitating delivery by Cesarean section, connective tissue disease or an inability to perform a Valsalva maneuver because of cardiac or pulmonary disease. All women gave informed consent and the study was approved by the Institutional Human Research Ethics Committee (reference 14/482).
3D/4D transperineal ultrasound assessments were performed at 12 weeks' gestation and at 1 day and 1, 2, 3, 4, 6, 12, 18 and 24 weeks after vaginal delivery. Ultrasound examinations after delivery were performed at our clinic or at the home of the woman, according to her preference. The ultrasound devices used were either the GE Voluson 730 Expert system (GE Medical Systems, Zipf, Austria) or the portable Voluson i (GE Medical Systems). During the examination, perineal volume images were obtained at rest, on PFMC and on Valsalva maneuver, the woman in a supine position and with an empty bladder. Each examination was recorded three times and the obtained volume imaging datasets were stored on a hard disk.
Offline analysis was performed using 4D View 7.0 (GE Medical Systems) and Matlab ® R2010a (MathWorks, Natick, MA, USA) software. The plane of minimal hiatal dimensions with the levator hiatus in an axial position was selected in 4D View and transported to Matlab to delineate the puborectalis muscle for measurements of MEP and area of the puborectalis muscle (PMA) 8, 9 . Despite the same intensity value settings of both Voluson ultrasound devices, echogenicity was not comparable without using a conversion factor, as determined previously by Pillen et al. 4 . Therefore, we developed and validated a conversion factor, using an ATS type 570 ultrasound phantom (ATS Laboratories Inc., Bridgeport, CT, USA), according to the method of Pillen et al. 4 . The lookup table of each ultrasound device was corrected and the echogenicity values per density of the portable Voluson i ultrasound machine were corrected to those of the gold standard Voluson 730.
To define the presence of a levator ani muscle avulsion, the levator-urethra gap was measured as described previously 10, 11 . To measure MEP and PMA in women with a levator ani muscle avulsion, care was taken to outline clearly the area of the muscle itself when it was detached from the pubic bone.
Statistical analysis was performed using SPSS version 22.0 for Windows. To assess changes in MEP and PMA over time, linear mixed model analysis was used. The exact number of days after vaginal delivery at each ultrasound investigation was used as a covariate. Scatterplots were used to visualize statistically significant patterns. P < 0.05 was considered statistically significant.
RESULTS
A total of 188 volume datasets from the 200 planned perineal ultrasound examinations were analyzed ( Figure 1 ). The analyzed datasets contained at least two usable volumes out of the three maneuvers (rest, PFMC, Valsalva) per time interval. The median age of the women was 32 years, 95% were Caucasian and median gestational age at delivery was 40.1 weeks. One woman delivered prematurely at 31 weeks' gestation.
Mean MEP after delivery was significantly decreased at all timepoints compared with that during pregnancy (values at 12 weeks' gestation: 143 at rest, 140 on PFMC and 141 on Valsalva; P < 0.0001 to P = 0.002). Mean MEP values at 24 weeks after delivery (117 at rest, 108 on PFMC and 111 on Valsalva) were significantly increased compared with those 1 day after delivery (83 at rest, 87 on PFMC and 90 on Valsalva; P < 0.0001, P = 0.009 and P = 0.002, respectively) ( Figure 2) . Mixed model analysis of MEP after delivery showed a statistically significant increase over time when measured at rest (increase of 0.16/day; P < 0.001) and on PFMC (increase of 0.11/day; P = 0.008), while on Valsalva, the increase was non-significant (0.06/day; P = 0.164). Although not statistically significant, there was a small decrease in MEP values obtained during each maneuver between 3 and 4 weeks.
Mean PMA at rest and on Valsalva maneuver remained constant after delivery. Compared with at 12 weeks' gestation, mean PMA on PFMC 1 day after delivery was significantly increased (9.05 cm 2 vs 7.55 cm 2 ; P = 0.017) and mean PMA on PFMC 24 weeks after delivery was significantly decreased (6.68 cm 2 vs 7.55 cm 2 ; P = 0.020). Mean PMA on PFMC decreased significantly in the postpartum period from 1 day to 24 weeks after delivery (P = 0.005) (Figure 3) .
Mixed model analysis of PMA after delivery showed a statistically significant decrease over time for values obtained on PFMC (decrease of 0.008/day; P = 0.003), a non-significant increase of 0.000064/day for those Complete levator ani muscle avulsions, three bilateral and two right sided, were seen in 5/20 (25%) women in the study. The three women with a complete bilateral levator ani muscle avulsion showed mean MEP and PMA curves with a shape similar to those for the median values of the 17 women without a complete bilateral levator ani muscle avulsion (Figures 4 and 5) . However, PMA was smaller in women with a complete bilateral avulsion.
DISCUSSION
MEP after first vaginal delivery was significantly decreased compared with that during pregnancy. The lowest MEP value was measured 1 day after delivery and although a slow increase was observed up to 24 weeks after delivery, pregnancy values were not reached. Compared with at 12 weeks' gestation, PMA was significantly increased 1 day after delivery and significantly decreased 24 weeks after delivery on PFMC. Three complete bilateral levator ani muscle avulsions were seen in this pilot study, with the MEP and PMA curves over time having a shape similar to those of women without a complete bilateral levator ani muscle avulsion; however, PMA was smaller in affected cases.
The major limitation of this study is the small study population. We decided to do this pilot study with the population consisted mainly of Caucasian women with a median age of 32, so the conclusion may not be applicable to other groups. The final limitation is that one woman delivered prematurely (at 31 weeks' gestation); however, as her MEP and PMA values were comparable to the group median and a partial levator ani muscle avulsion was seen, we decided not to exclude this woman.
The major strength of this study is its longitudinal design with frequent follow-up examinations shortly after delivery up until 24 weeks postpartum. Another strength in the study design is the option for the women to have the ultrasound examinations at their home, which limited loss to follow-up. In the study of Grob et al. 12 , changes in MEP during pregnancy (at 12 and 36 weeks) and 6 months after delivery, were measured. MEP values during pregnancy at both timepoints were significantly higher compared with those 6 months after delivery 12 . Data in this pilot study confirm these findings; all postpartum echogenicity values were significantly lower compared with those during pregnancy. As the values of MEP at 36 weeks' gestation in the study of Grob et al. 12 were as high as or even higher than those at 12 weeks' gestation, we assume that values just before delivery are comparable.
One day after delivery, there was a sharp decrease in MEP, most likely due to (micro) hematoma and edema, since fluid appears dark on ultrasound image [13] [14] [15] . The (small) increase in PMA at 1 day after delivery (statistically significant during contraction) compared with PMA during pregnancy is also probably due to (micro) hematoma and edema.
From 1 day postpartum onwards, we observed a slow increase in MEP. This increasing MEP may reflect the recovery process after stretch trauma in muscles. The general repair process of skeletal muscles contains three phases. In Phase 1, within the first day after injury 16 , tearing and necrosis of myofibrils, the formation of hematoma and inflammation are seen [17] [18] [19] . Phase 2, around 10 days after a traumatic event 20 , consists of repair, remodeling, regeneration of myofibrils and production of connective scar tissue. Phase 3, which starts 3 weeks after injury, includes maturation of regenerated myofibrils, contraction, reorganization of the scar tissue and recovery of function 17, 18 . The small decrease in MEP values for all maneuvers between 3 and 4 weeks could be a result of the end of the rapid proliferative phase, in which collagen is formed (high echogenicity), and the start of the consolidation phase. Over the 24-week interval after delivery, echogenicity increases and stabilizes, most likely due to the disappearance of hematoma and edema and the formation of scar tissue that appears bright on the ultrasound image 21 . The significant decrease in PMA measured on PFMC in the postpartum period could also be the result of the disappearance of hematoma and edema and/or an improved ability to contract (structural recovery, towards recovery of function). Ideally, we would have been able to link this recovery of muscular structure and function to the experience of symptoms later in life, in order to explore the clinical merits of our findings.
With respect to the data of the three women with a complete bilateral levator ani muscle avulsion, only PMA was found to be as reduced when compared with the other women in the study. Although statistical analysis was inappropriate due to the small sample size, this observation could be tested in future studies. We hypothesize that the muscle retracted due to abruption from the bone but, since we have no volume data for the puborectalis muscle, we are unable to confirm this.
It would be interesting to investigate the recovery pattern of women with a primary Cesarean section for comparison following vaginal delivery. We would recommend performing the investigations at least before delivery, 1 day after delivery and 6 weeks after delivery. Ideally, follow-up studies investigating recovery should encompass the point in time at which women may start to experience symptoms, so that the ultrasound examinations can be repeated and analyzed, and linked to different recovery patterns in women with symptoms compared to those in women without symptoms.
In conclusion, when compared with levels during pregnancy, we observed a sharp decrease in MEP soon after delivery, which is most likely caused by stretch trauma of the puborectalis muscle and resultant (micro) hematoma formation and edema. Subsequent increases in MEP may reflect the disappearance of hematoma and edema and also the formation of connective tissue.
